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DUPLICATE 

Cooling Apparatus 

This iavention is concerned wLtti cooling apparatus and method of their inaaufactttre* Mote - 
particularly^ this mvention. is specifically concciued with cooling apparatus selected from 
5 refrigerators and fieezers comprising tube evaporator systems which under operating 

« 

conditions circulate xefiigerants at below freezing temperatures. 

Domestic refrigerators and freezers are generally of a similar design, each including an 
insulated chiller or freezer box, accessible by a door^ and means for cooling the interior of 
1 0 the box- ConventionaJly, the means for cooling the interior of the box is a heat exchange 
inchiding a tube evaporator system, wherein a jSrst part of the system is located inside of 
tibe box and a second part of which is located outside of the box. 

Under nornM operating conditions^ refrigerant is circulated through the first part of the 
15 system at temperatures of less than O^C, tspically —5 to -50 ^Q. If the system is being used 
in a refrigerator^ the circulating temperatitre of the refrigerant in the first part of the system 
is usually —5 to —15 ^C, whereas if the system is being used in a freezer, the circulating 
temperature of the refrigerant in the first part of the system is usually —15 to -50 *^C. 

20 At least the first part of the tube evaporator system, i-e. the part of the system which in use 

* 

is exposed to sub-zero temperatures;, has historically been manufactured from steel or 
copper tubes connected by lap joints employing a high temperatm-e brazing flux aad solder 
to seal the joint. The joining procedure which is the current standard practiced for high 
temperature brazings is typically set out in British Standard 1723, Part 2^ 1986, or its 
25 foreign equivalent standards 

The joining procedure, typically set out in British Standard 1723, Fart 2, 1986, is intended 
to produce a gas tight metallic seal between two similar metal tubes (steel-to-steel or 
copper-to-copper) or dissimilar metal tubes (steel-to-copper) by iatroducing a molten filler 
30 material into the joint area, which subsequently sets hard. In summary, the end of one of 
the tubes enters the other for a distance of between 5 and 20 mm by one end being 
expanded to form a lap joint (e*g. Fig 1). The clearance between the tube interfeces is 
adapted to allow maximum penetration of the filler material during subsequent brazing or 
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10 



15 



temperature brazing metal or soMear, wtucn requires icnip<sx>^u^^ ~ . 

typically greater than 450°C to effect the seal. Whilst the tigt ten^perature requfced to 
efibct the seal is tisuaUy provided by the flame teiag method, w 

suppUed from a brazing torch with e.g. oxygen and acetylene source (e.g. Fig 2), other 
methods such as inducUon or resistance hrazmg may also be used. The filler material is 
manually appUed using a solder rod to the join of the two heated tubes and melts at an 
appropriate temperatare in a^vay that allovvs the fiUex material to nm fteely around the 
circumference of the tubes allowmg capillary action to pullthe fUl^ metal into the joint 
mterfece between the tubes (e.g. Fig 3). This completes the process as cooling allows the 
molten filler to &tm a leak tight seal around the joint of the tubes (e.g- Fig 4). 

I 

Ttie use of high temperature brazing metals or solders for joining the tubes means thai a 
high amount of energy is consumed in the process- Further, because of the labour intensive 
manual mture of the process and 13» fact that a long heating time is required to get the 
tubes to the high processing temperature, the process is also time consuming. 



Low temperature solders, such as tin aUoys, are well known and have been used for many 
years in forming lap jomts between tubes in e.g. tube ev£?,orating systems employed in air 

20 conditioning systems, wherein tiie coolant is circulated in the system at temperatures above 
0«C. Such low temperature solders typically comprise tin, to efther a greater or lesser 
extent. Tube evaporator system manufecturers ha.ve been prejudiced against using tin alloy 
solders in systems intended for use in refrigerators and freezers, where the operating 
ten^Ksrahire of the seal can be well below O^C, as it being perceived that such "soft" 

25 solders would be too weak to provide the tensile strength of the joint required in such low 
temperature appUcations. The existence of this prejudice is perhaps evidenced by the feet 
that such systems are presently manufactured typically to British Standard 1723, Part 2, 
19S6 or its foreign equivalent standards. 



0 It is an object of ^ present mvention to pEovide cooling apparatus which can be 
manufactured in a more energy and time efficient manner. 
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In accordance with the present invention, tbere is provided a cooling apparatus comprising 
an insulated chiller ox freezer box, accessible by a door, and means for cooling the interior 
of the box, said means conaprising a heat exchanger inclijding a tube evaporator system, 
wherein a first part of the system is located inside of the box and a second part of which is 
5 located outside of the box, wherein said system comprises a pharality of tubes connected to 
provide a pathway for a refrigerant which in use is ciroulated between said jBrst part and 
said second part of said system; characterised in that: 

the metal tubes of the system which in use cootact refrigerant which is at a teaKpearatuie of 
O^C or less are connected by 1^ joints sealed in a gas tight maimea: hy a solder which has a 
10 melting temperature of from 180 to 300°C, preferably from 200 to 260 ^C, more preferably 
from 220 to 250 "C. 

It is believed that any solder which has a melting teinperature in the relevant range and 
which is compatible with the metal tubes wUl be suitable for use in the present imrention. 
15 A person skilled in the art will readfly know what types of solders are compatible for use 
with tubes of a given metal or metals. When the tubes are copper or steel, the solder is 
preferably a tin alloy solder^, pieferably a tin alloy solder comprising at least 80% by wt Sn, 
more preferably at least 95 % by wt Sn. In one embodiment, the solder may comprise at 
least 99 wt% Sn, for example the solder may comprise 99 % Sn and 1% Cu. 

20 

In another aspect, the present invention provides a cooling apparatus comprising an 
insulated chiller or freezer box^, accessible by a door, and means for cooling the interior of 
the box, said means comprising a heat exchanger including a tube evaporator system, 
wherein a first part of the system is located inside of the box and a second part of which is 
25 located outside of the box, wherein said system comprises a plurality of tubes connected to 
provide a pathway for a refrigerant wMch in use is circulated between said first part and 
said second part of said system; characterised in that: 

the metal tubes of the system which, in use contact refrig^ant which is at a temperatnre of 
Q°C or less are connected by lap joints sealed in a gas tight manner by a tin alloy solder, 
30 preferably a tin alloy solder comprising at least 80% by wt Sn, more preferably at least 95 
% by wt Sn- In one embodiment, the solder may coroprise at least 99 wt% Sn, fer example 
the solder may coroprise 99 % Sn and 1% Cu. Preferably, the tin alloy solder ha$ a melthig 
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temperature of fiom 180 to preferably fiom 200 to 260 more preferably from 

220 to 250 ^. 

In another aspect, tee is provided a method for manufecturiog cooHng apparatos 
5 cod^nsing an insulated chiller or freezser box, accessible by a door, and means for cooling 
the interior of the box, said means comprising a lieat exchanger including a tube ev^or«tor 
system, wherein a first part of the system is located mside of the box and a second part of 
which is located outside of the box, wherein said system comprises a plurality of tubes 
csoniificted to provide a pathway for a re&igerant which in use is circulated between said 
1 0 first part and said second part of said system; the method being characterised in that: 

the metal tubes of the system which in use contact refrigerant which is at.a temperature of 
0"C or less are joined hy a process conqjrisir^: 

preparing a lap joint between two of said tubes and sealing said tubes in a gas tight manner 
with a solder having a meltmg temperature of from 180 to SOC^C, preferably from 200 to 
15 260 '^C, more preferably from 220 to 250 "^C. Preferably, the solder is a tin alloy solder, 
preferably a tin alloy solder con^rising at least S0% by wt Sn, more preferably at least 95 
% by wt Sn. In one embodiment, the solder may oon^se at least 99 wt% Sn, for example 

» 

the solder may comprise 99 % Sn and 1% Cu. 

20 One of the metal tabes used to form the lap joint preferably comprises steel or copper and 
the other metal tube also preferably comprises steel or copper. More preferably, both of 
said tubes comprise the same metaL 

Because a low tenperature solder is used in the present invention, manufacturers can make 
25 significant labour and eneargy savings. 

The cooling apparatus of the pres^ invention may be a refrigerator or other apparatus 
which in use mamtains the temperature widm the msulated box at about 0°C or ,a few 
de^ees above O'C, suck as a dricjks chiller, or it may be a freeser or other apparatus which 
30 in use maintains the temperature within the insulated box below 0°a 

In one particuiar embodiment of the method of the present invention, the female tube of ths 
tubes forming the lap joint is presented with a flare for receiving sQlder..Ce.g. Fig 5). 
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Preferably, the solder is presented iix the form of a solder ring^ which is seated manually at 
the joint site around the male tube of the tubes jEbrming the 1^ joint and then heated and 
melted, whereby the sold^ fills the interstices between the tubes (e.g. Fig 6). Preferably^ 
the solder is heated and melted by heat from a heat gun, which is capable of providing hot 
5 air circulation around the joint (e.g. Fig 7), When cooled, the solder solidifies and forms an 
air-tight seal between the tubes^ so forming the finished joint (e.g. Fig 8) . These 
embodiments enable significajtit time savings in the xnaou&cture of the systems- 

In one embodiment of the present invention^ all the joints of the tubes used in the 
10 manufacture of tobe evaporator system are prepared using the low temperature solder. 
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Claims 

1. A cooling apparatus cqmprisiBg an insulated chiUer or fireezar box, accessible by a 
dooT. and means for cooling the interior of the box, said means comqirisiiig a beat 
eKcbanger including a tube evaporator system, wherein a first part of the system is located 
inside of the box asod a second part of which is located outside of the box, wherein said 
system ooniprises » plurality of tubes connected to provide a pathway for a refrigerant 
which in use is circulated between said first part and said second part of said system; 
characterised in that: 

the metal tub^ of the system which in use corrtact reftigerant which is at a temperature of 
0°C or less are connected by lap joints sealed in a gas tight manner by a solder which has a 
melting ten^jerature of from 1 80 to 300°C. 

2. A cooling ^paratus comprising an insulated chiller or freezer box, accessible by a 
15 door, and means for cooling the interior of the box, saM means comprising a heat 

exchanger including a tube evaporator system, wherein a first part of liie system is located 
inside of the box and a second part of vsrfbich is located outside of the box, wherein saM 
system comprises a plurality of tubes connected to provide a pathway for a refrigerant 
which in use is circulated between said first part and said second part of said system; 

« 

20 characterised in that: 

the metal tubes of the system which in use contact refrigerant v^^ich is at a t^pearature of 
ff'C or less are connected by lap joints sealed in a gas tight manner by a tin alloy solder. 

3. A method for manufacturing cooling apparatus comprising m insulated chiUar or 
25 freezer box, accessible by a door, and means for cooling the interior of the box, said means 

comprising a heat exchanger includmg a tube evaporator system, wherein a first part of the 
system is located inside of the box and a second part of which is located outade of the box, 
wherein said system comprisesapluraUtyoftubss connected to provide a pathvyay for a 
refrigerant which m use is circulated between said first part and said second part of said 
3 0 system; the method being characterised m that: 

the metal tubes of the system which in use contact refrigerant which is at a temperature of 
0*'C or less are joined by a process comprising: 
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preparing a Jap joint between two of said tubes and sealing said tubes in a gas tight nmrnw 
with a solder which has a meitiag temperature of jfrom 180 to SOO'^C aad/or is a tin alloy 
solder. 

5 4. A cooling apparatus as claimed in claim 1 or claim. 2 or a method as claimed in 
claim 3, wherein the solder comprises at least 80% by wt tin, 

5. A cooling apparatus as claimed in claim 1 or claim 2 or a method as claimed in 
claim 3, wherein the solder comprises at least 95% by wt tin. 

10 

6- A cooling apparatus as claimed in claim 1 or claim 2 or a method as claimed in 
claim 3» wherein the solder melts in the range of from 200 to 250^C. 

7. A cooling ajyparatus claimed in claim 1 or claim 2 or a method as claimed in 
15 claim 3^ wherein the solder melts in the range of 220 to 240^C, 

S. A cooling apparatus as claimed in claim 1 or claim 2 or a method as claimed in 
claim 3^ wherein the solder comprises at least 80% by wt tin and melts in the range 200 to 
250^a 
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Abstract 



2 Cooling Apparatus 

A cooling apparatus, e.g. a refrigerator or a freezer, comprises an insulated chiUer ox 
freezor box, accessible by a door, and means for cooling the interior of the box, said ineans 
con^rising a heat e:«Aanger including a tube evaporator systena, wherein a first part of the 

10 system is located inside of the box and a second part of which is located outside of the box, 
wherein said system comprises a pluraUty of tubes connected to provide a pathway for a 
refrigerant which in use is circulated between said first part and said second part of said 
system. The metal tubes of the system wMch in use contact refrigerant which is at a 
temperature of O^C or less are conneoted by 1^ joints sealed in a gas tight mamer by a 

15 solder wMch a) has a melting tarnperatuieoffrom 180 to SOO'^C and/or b)i9 a tin sol^^^ 
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